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SUMMARY OF ANNUAL REPORT “O, 1

T2 urpose of this research is the synthesis and biolozical aviluation
af analogs of weaicholinium  (dC-3). [hese ar2 1eats which decroas: e
ility ¢ chnlinerzic neurones to synthesize acetylchcline. The long=ran:e
o1l ¢ L3 casearcih 13 to develon conmpounds which can he used Ly ali love:
wgcuss acetylcholine within a cholineryic synapse. 3Sowme possidle annroacres
1ra 1) Jdecrease the contant of acetylcholine withia the cholizer:ic ueuc.uie
hy laterfering with synthesis, (2) desensitizing cholinergic receptors .at
cost=svnantic <ites, (3) decreasing the release of acetylcholine rfrom tiae
t2urane Yy itadllizing . the membrane or via pre-synaptic receptors which when
aetivated <ill ilalaish the amount of ccetylcholine released intn the synapse.

Thue far 3 atents have been prepared and evaluated for activitv., Tuo ot
the acents, which are quarternary amines, approximate HC-3 {a activiry and the
tertiary anmine derivative 1is approximately 1/500th as active as HC-3. The
latter agent {s the first active non-quarternary amine to be reported. The
“{oloical assay procedures which have been develoyed to evaluate these avents

1re as follows:

l. "tth rerforaance liguid chromatorriphy with electrochenical Aeraction
has been {ntroduced to assay tissue levels of acetylcholine., The lower liaits
of sensitivity is about 10 pi.

le Thirty minute incubation of 10 mg of rat caudate nucleus with HC-3-
lixe compounds result is decreased tissue levels of acetylcholine., This (s a
¢onveniant and definitive assay procedure for hemicholinium—~like activity.

J. Rabbit sclatiz nerve-gastrocnemius nuscle preparation is used for in
vivo evaluation of neuromuscluar blocking activity.

4. Rat phrenic nerve-diaphragm osuscle preparations are used for in vitro
assay for inhibitioa of neuroamuscular transmission.
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and hlol&-{icil avaluation of analogs of hemicholf4iua which t: nasn * -

Jdeeraasa the synthesis of acetylcholine. Compounds {a thig serics are “aown
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receptors.  This {s one theoretical approach to decrease the .amount nf
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acetvicholine within a synapse. . ) »
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L. A‘Backzround: At the University of lowa, Hemicholinium (HC-3) and . Lice

W, €, r v

v e
RO
wtfate

Auaber 2f analogs were synthesized from 1954-1969, Dependiny on the

{tructure, a number of the agents wers {chibitors of acetylcholinesterasc »

wnd/or agents which inhibited the synthesis of acetylchksline (HC-3-like).

ol
PACEEY

Selacted acetal dJderivatives of HC-3 antagonized nicotinic avents

v
fn
. 4

{1icotine and large doses of acetylcholine) without nodifying ganglionic

W - 9
&-‘:' transmission. Also it was noted that selected agents were very toxic (LD-50

X3 ,

22 fcr HC-3 in mice is approximately 20 ug/kg). HC-3 {s the prototype compound

<ot iahibditing synthesis of acatylcholine and iz has been used as a tool I2a

e
E::: aany published studies. . Our studies will provide structure-activity ® @
':::; relationship data for these vary active agents.

,:::3: 111. Approach to the problem: The molecular structures of the agents is :

s .

:'_’«ZI designed to provide {nformation concerning interatomic distances between the .

::‘;E: cationic moieties. Knowledge of optimsl substitution ow %he cationic head

¢ |

vill be gained. Biological evaluation will include thosa synapses known to

Y
&
o
::; have considerable turnover of acetylcholine. We will usa inhibition of
Py - »
YN transmission at the neuromuscular junction and inhibition of synthesis of
- acetylcholine {a the caudate nucleus as our major test systems, The toxicity
‘2
:\ ' of the compounds will be evaluated, as well as their ability to alter DFP-

N induced toxicity. ’
£
LY
-l
o

N

"J“:‘

o »
il

- 5

A Ty e Tt At AT TS VAT AT R WAAS BT VI AL AT N et NI .Y W B b I PN o P lBUIP L Oy P ey R SRS A AFA A Smmmh p S v . .




TUe thetddtev: ieathesis of "emicholiniua (UNC-37) Analoes
svathetic work leading to a cyclohexane congener 1| of hemticholiaium ¢ .I[C-
}*) has ween established on the basils of definition of the :eometrv of 'he

Taver wniiate A (Gcheme ©),

7
7\
H3C CHB
S\
HC\ * /0
ou 2
CH
3 / \
H,yC CHy
HC-3

Preparation of | {s showa {n Scheme I. The initially formed product L of
~

catalytic hydrogenation of dimethyl biphenyl-s4,s4'-dicarboxylate Q {s a mixture

of all possible geometric {somers (traus/trans; cis/trans: cis/cin)l. Heating

this mixture at elevated temperature in a boab under reduced pressure induces

isonerization to the trans/trans isowmer gl. Conversion of che bis-diazokatone.

11 into the bis-bromoketone }{ {s based upon a mathod of Wagner and Hoorez.

m ————— ~

Schueler3 proposed that keto aminocalcohols such as\%%‘(Scheme 1) exist in the

hemiketal structure as shown for | and 2, and indeed, spectral data confira
~ A

rhis structure for k.
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T svathetie approach to the phenanthrene~derived HC<l symrpnoe 1o

{avalves preparation of phenanthrene-l,7-dicarboxylic acid 1h, and iz shown in

Scheme 11,

. — + / CH
) OH \—N\/ 3
YO0
c
(*)
V2N
H,C  CH,

Scheme 11. Preparation of Phenanthrene-l,7-Dicarboxylic Acid.

é COOQH

%

The starting material retene ,\1‘2 i{s available commercially; we have also

oxidnE HOOC.

prepared it by dehydrogenation of abietic ncid". Oxidation of retene {,‘(‘ with
KiFe(CN)g by a method of RHZICklygi_gé:,s gave extremely poor yields of A8,
due to an uncontrollable furcher oxidation of the desired product Af, to a
biphenyltetracatboxylic acid. Satisfactory ylelds of 1§ of high purity were
attained by oxidation of retene with aqueous sodium dichromate in a bomb at
elevated tempefa:ure. according to a method of Friedman, EE__il‘é This
oxidatioél has now bYeen scaled up ;nd the reaction conditions have bheen

optimized, Ample supplies of %Q. will permit elaboration of the carboxyl
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saown {1 schene IV,
OH

| |
ey OH

...... Py

i
.13
. ol ST oy

A .l

H,C N=CH_ -CH- 7 N\ 7/ N\ H-CH_ - H
3 2 \ 2 3
’ ’ —_—
HBC‘< - .-CH2-CHCH-CHZ}N®-¢H3 23
cH,y . '
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2fforts laadinn to the 2.2'—dtﬂechvlhlnh«ihvl'. FRNT RIS T D

svathetic itens oatlined in Scheme ('1.

Sl h Y

0.
\1 17
- /

!l3C

N

L —_—n—0

N
+

a’ \

H H

3

-
-

-ields (a tne step ,\.“’)“o 'T).'l. (Schene IIL) are low: = iave 0L vet npufu:.'u Lo
Traellion cunditions. leverthaeless, we obtain proparatlve quantities of the
salueile <l

Lrrvuady '._':~ NIy loceviously prdpacyd i L'ichd.xboa:;::i.-.:”)
“eunt resynthesized cor further and extended studice. The synthetic cogte 5
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~i: i:ctinn Jegcribes synthesis of all compounds prepared to date under
it aTantract.,

“vitine soiats  race Jetarmined 11 open  rlass capillaries v

anencrected, Zlenental analyses were performed by Galbraith laboratories,
‘aneeills, Tannessee, 1R spectra wera recorded on a Beckman Tl 040
vasLrunent, NMR spectra were recorded on a Varian Associates i

instrunent using tetramethylsilane as the internal standard. kg inectlrd
wore ohtained on a Ribermag 10/10 mass spectrometer. Preparative HPLC was

dnne #ith a laters 500 A Prep HPLC apparatus.

. T = laceneldiphenyl (i). Anhydrous ALCly 2.57 =, .I92 ld o
coverza <ith a mdxture of 10 mL of CS, and 1.54 z (0.01 mol) of biphuavl.
\cetvl chlortde (1.57 g, 0.02 mol) was slowly added, and ghe teacLﬂnn mixture
was ently heateq in a water bath until evoluﬁion of HCl ceased, The €5, was
cemoved Jader reduced pressure (aspirator) and the residue was treated with
ice and excess dilute HCl. The solid which separated was collected on a
filter and air-dried. It was recrystallized from EtOH to give 1.97 g {(83%) of
material, mp 189~190°C. Lit’ mp 192°C.

Biphenyl~é ,4'~dicarboxylic Acid (é). Technical grade calcium

hypochlorite (50 g) in 200 oL of H,0 was treated with 35 g of KyCO5 and 10 g
of KOH fn 100 ml of Hy0. The resulting mixture was agitated vigorously until
the initially formed gel became fluid. The suspended solid was rexzoved by
filtration and was washed on the filter with 100 nL of Hy0 which was added to
the f{ltrate. To this solution in a 2L flask was added 3 g (0.0126 mol) of &.
and the nixture was stirred and heated at 75-85°C for 5 h. The roactien
mixture wds treated with 10 g of NaHSO4 in 40 ml of Hy0, and was then cooled

to r:om temperature. Excess conc HCl was carefully added, and the white solid

BEST 4+4ILABLE COPY
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sqith wanarated as collected on a filter, washad with Hqﬂ. and afr=deiod,
was recrvstallized from ELOH to afford 2.8 g (93%2) of a whichsnlid. )
2509C.  LitS ap > 250°C. IR (XBr) 1759 em™! (coon).

dmethel diphenvl=4,4'=~dicarboxylate (2). Compound 5 (3 1, ©¢.:123 i

in 75 L of anhydroﬁs 4eOH and 2 drops of conc Hp50, was heated under reflux
for 13 davs. The resulting mixCure‘was cooled, transferred ‘o a senaratarv
funnel, and diluted with 200 mL of Hy0. : The resulting mixture was cxtract.d
with Zt,0. The ecthereal exﬁtact was washed with 5% NaHCO5, '50, ang dried
(Na:SO&). Evaporation of the Et,0 left a solid which was recrystailized twice
‘rom St,0 to give 2.8 g (85%) of product, mp 205-206°C.f Lie® mp 213Y%€. IR
(CHCLy) 1729 em™l (ester C=0). MMR (CDCly) 63.98 (s, 6H, OCHy), 7.26-5.23 (=,

3H Arom H).

NDimethvl Bicmlohexyi-a.4;-d1carboxy1ate (1). Following a patent
procedurel. 3 g (0.011 mol) of g was hydrogenated at 50°C in 100 mL of AcOH in
the presence of 0.05 g of Pt0,. When uptake of H, ceased, the catalyst was
renoved by filtration, and the filtrate was diluted‘with Hy0 and neutralized
with aqueous Na,C0j. A solid separated (3.0 g) which was coilected on a
filter. TLC analysis (3102. CHC14) {ndicated 3 com#onents. IR (CiCl,y 1710
ca~l) (ester C=0). WNMR (cocly) stheq no aromatic H. This material was
utilized in the next step without purification.

trans/trans-Dimethyl Biqyclohexyl-b,a'-dicarboxylate~(Q). A modification
1

of a patent procedure’ was utilfzed. Product l (2 g, 0.0071 mol) was heated
overnight with 0.5 g of NaOH in 12 mL of MeOH and S mlL of Hy0. The MeOH was
renoved by distillat{on, and excess coﬁcf hCl was added to the aqueous
3ixture. The white solid which senarated was collected on a filter, washed

#ith H)0 and air-dried. This material was placed in a bomb under reduced

pressure (15 mma) and the bomb was heated at 250°C for 2 h, then at 300°C for 2

12
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susnendet in 30 L of MeOH and 2 mL of conc 480, and wasg heated owverarcie
wdor refluvwe The rraction nixture was pourad over oxcess fce  and e o li
“iica aa reoarated .as cnllected on a filtar, vashed with HaOy Alr=uried, wuu
socrvstallized from Y:l (-leOH-HZO to arford l.46 g ,(737:) of whilte crystals, =p
M=o, Lit ap 116°CH, 100-1019C?,  HPLC analysis (5105, toluene=ci.iis
11) i{adicated Lthe matarial to be homopenous. MMR (CDCly) 3 l.u=2.3 4, -0,

tiph ), 3.0 (s, 64, CH3)e IR (XBr) 1690 cn™! (C=0).

Lt:ms/Lr.ans-Bicyclchexvl—d,-’o‘-dicarhonyl Chloride (,{Q). A solution of

<0 1 (0.014 nmol) of 8 and 8 g of YaGH in 100 mL of MeCH and 80 nL of H,0 was
tattad ander reflux for 12 h,  The MeOH was removed under veduced pressura,
1nd  nhe aqua2ous solution was acidified with ceone HCL. The solid which
separatad as collected on a filter, washed with Hy0, and carefully air-dried.

To 9.8 g (0.003 mol) of this naterial was added over 5 min 25 nmL of -
ifCl,, and the rasulting mixture was heated at 150°C for 12 h. Unréacted
soclxz. was removed by repeated azeotroping with benzene, to leave 0.36 g of a
brown ofil. IR (neat) 1785 cm”! (cocl). This material was .used in the
subsequent step without further treatment. |

trans/crans-lo,ls'-bis(Diazdcarbonyl)bicyclohexyl'('{'l\‘). A solution of 1.5

g (0.005 mol) of crude ,& in 100 ml of anhydrous tetrahydrofuran was added
dropwise over 15 min at 0°C to a stirred solution of 2 mL of triethylamine and
alcohol-free diszomethane (prepared from 21.5 g of Diazaldlo) in 109 al of
anhydrous £St,0. Stirring was continued for an additional 3 h under No.  The
ceaction mixture was filtered, and the sol{d” on the filter was washed with
several portions of anhydrous tetrahydrofuran. The combined filtrate and
washings were evaporated under reduced pressure, and the rcesidue was

chtormatseraphed on 510, by a dry column technique and was eluted with ethyl

BEST AVAILABLE COPY
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watate/henzena /CHCL, (2:4:4), The solid obtained from whe olaare oyl
recevstallized from benzene to afford 1.2 g (80%) of fine crystals, =p 159-
1§~)°c. T (KBr) 2100 (N=N), 1720 em™l (C=0). w1 (CNClq) § 0.8-2.0 (m, 04,
aliph H), 5.2 (s, 24, COCHN,. MS m/e 302 (:").

Anal. Caled for CjgHyaN,0p c, 63.58; H, 7.28: N, 13.54. Found: ¢,

03.63; H, 7.59; N, 18.42,

Lrnns/:rans-&.6'bis-(bromoa;etyl)bicyclohexyl. (%%). To a solution of
1.25 g (0.0006 mol) of &k in 10 ml of pentane was added with stirring at roonm
temperature 20 mlL of 48% aqueous HBr, and the reaction mixture was permitted
to stand several hours. until evoluation of N, ceased. The pentane layer was
washed «ith H,0 to vemove HBr. The conbined aqueous washes were neutralized
with 5% NaHCO4, and this mixture was extracted with CHCl,. The combined CHC14
extract and pentane solution was evaporated under reduced pressure, and the
residue was chromatographed on 3102 and eluted with 9:! benzene/ethyl
acetate. Evaporation of the eluate gave a light yellow solid which was
recrystallized frca toluene to give 0.164 g (67%) of product, mp 148-149°,
NMR (CDCly) & 0.8-20.0 (m, 20R, aliphatic H), 4.1 (s, &4H, COCHpBr). IR (KBr)
171 ea”! (ce0).

Anal. Calecd for C16H24Br20;7 ¢, 47.06; H, S5.88; Br, 39.92. Found: C,
47.36; H, S5.74; Br, 38.80.

trans/trans=~4,4'bisg~{2-(2-hydroxys,4é~dimethyl-1,4=tetrahydrooxazinyl)}

bicyclohexyl ({). To 0.1 g (0.00025 mol)of ‘%% in 15 mL of anhydrous
tetrahydrofuran, under Ny, was added with schring at room temperaturas 0,45 g
(0.005 mol) of dimethylamincethanol in 2 nL of anhydrous tetrahydrofuran. The
reaction zixtyre was stirred for an additional 1 h. The solid which separated
~a3 <nllected on a fillter and was recrystallized from ELOR-EL,0 three times to

aflord N.143 3 (98%) of white crystals, mp 238-240°C, IR (KBr) 13200

BEST AVAILABLE COPY
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TV YR (3RCLL) S 0L5-2,0 (ay MM, alinh M), J.0=din o ot o

\nale  Calad for Cauil,q8raNa0, (Xarl Fischer Hy0 5.267) €. oold: i, =
tl: M. sewd. Jound C, 46,50 H, 8,043 ¥, 4.73

Phenanthrene=1,7=Dicarboxylic Actd ({R)' l-HeLhyL-7-isopr6py1phcn—

anthrene | “ratena™) %Qf (15 g, 0.06 mol) and 103 g (0.30 mol) nf Nuglr izl
‘1 37! b ot Hyo wera heated in a bomb at 250YC for 20 h. lhe wooled contenis
of the bomb were filtered, and the filtrate was acidified with 1845 HCl. A
white solid separated which was collected on a filter and washed with Ha0 and
dir=dried to afford 12 g (75I1) of crude acid product. This material was
vaarwesecizad 5 lts Mo esters \ 1.7 g (0.006 mol) sample was Lreated with
wveess CHaVy in Rta0. Evaporation of volatiles provided a solid residue which

was purified by HPLC (SiOZICHZCIZ) to provide 0.52 g (30%X) of a white solid,

mp 152-153°C. Lit® mp 151-152°C. Ms m/e 294 (%). NMR (CDCly) & 4.03 (d,-

nit, UCEJ)' 7.25-9.0 (ﬂ' 8“. aroa H)o

2.2'-Dimethvl-4,4'~diaminobiphenyl (%R). A mixture of 100 g (0.72 mol)
of a-nitrotoluene, 168 g (4.2 mol) of NaOH, 140 g (2.14 g atom) of 2Zn dust,
370 nL of ézo, and 1| L of MeOH was heated under reflux with stirring for 12
he The hot resction mixture was rapidly filtered through a sintered glass
filter and the heavy emulsified filtrate was 'extracted twice with Et,0. The
coabined ethereal extracts ware washed with Hy0 and the organic layer in a 5 L
flask was treated with 1.8 L of EtOH and 280 QL of conc HCl. ' The resulting
Aixture was hested on a steam bath to remove Et,0, then it was heated under
reflux for 1 h, The reaction mixture was cooledﬁéhd the solid which separated
was collected on a filter. It was washed with EtOH to give 40.3 g (39%) of a
#hile eolid. A small amount of this was treated with NH,OH to liberate the

free hase which was recrystallized from petroleum ether (bp 35-60%C) to mive

BEST AVMLABLE copyY
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Clariegs ceeseals, wp 99-1000C. Uit mp 101-102°C.  WR opcl,y Lo
sy Cy)l 3L (s, aM, Xﬂe). 6.39-6,96 (m, 6H, arom H).

a4 =Dicvano=2,2"'=dinethylbiphenyl (gk). Compourd %Q,(l4 L P RN I

sas Jdiazotized in 200 al of Hy0 and 41 g of cenc 4,50, with 9.1 21 ur Tk
3°¢C. Cug(CN)Z was prepared according to a procedure of Theilacker .nd
n:cwowskllz. To this Cuz(CN)z suspension in'HZO was slowly added, -:ith nanuat
stirriae, the diazotized solution. Frequent theating on a stean -aun
4iminished frothing. The temperature was brought to 75°C and was maiatained
with nanual stirring for 40 min. The reaction mixture was tiltered and the
{ilter cake was washed with 500 mL of 3M HyS0,, then with 1 L of Ha0, then it
was alr-dried. The dried cake was transferred to a Sohxlet thimhle and {L "is
~vtracted with EtOH for 12 h., The EtOH extract was transferred to a lar7e
<eparatory funnel and it was diluted with H,0 to throw out a yellow solid.
This nixture was extracted repeatedly with Et,0. The pooled extracts were
swiricted with 3 portions of dil NaCH, one portion of 3N HCl, and 3 portions
of 1.,0. The Et,0 was evaporated to leave ; brown syrup which was mixed with
20 aL of EtOH. This mixture was heated to boiling, and upon cooling slightly
a brown tar was deposited. The supernatant was decanted, and upon further
cooling, 2 yellow solid separated, mp. 106-108°C. Li1el? wp 113°C. Yield: 3.5
g (232). MR (CDC14) & 2.03 (s, 6H, CH,y), 7.07-7.56 (m, 6H, arom H).
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V. Methods = Blology

1. HPLC-EC Assay for Acetylcholine

A method focr the determiration of acetylcholine has been ‘ »

develaped usirg HPLC wicth electrochemical detection (HPLC-EC) based

® @v.as

oan the method of Potter et al (1983). This method fuses teverse
phase HPLC to separate acetylcholine and choline. The effluent
ewerging froma tha column 1is aixed with acetylcholinesterase and
choline oxidase. This aixing 18 post-column., Choline and choline
produced oy the hydrolysis of ACh is coaverted by choline oxidase to
betaine and hydrogen peroxide. Hydrogen peroxide production is then

monitored electrochemically.

Choline + 20, + @0 Choline oxidase y,q40e + 21,0,

Protocol ®

The mobile phase consists of 0.01 M sodium acetate tuffered to pH 5
with 0.02 M citric acid containing 5.0 mg/liter sodium octyl sulfate and
1.2 mM T™A. The encyme solutioa consists of 0.2 sodium phosphate '. &
buffer pH 8.5 to which is added 1 unit/ml choline oxidase and 2 units/ml

of acstylcholinesterase. The pumping rates of the two buffers are 0.80

n/ué and 0.05 al/mia respectively to bring the pd in the reaction coil
to pl 8 (optimum for acetylcholinestarase).

The assay system consists of Rheodyne 7125 injector with a 100 yul
sample loop, 2nd a Supelco C~18 15 cm desctivated for bssic coampounds
reverse-phase column. The effluent from the column flows into a teflon [ ]
tee connector uwhere it mixes with the eazyme solution and enters a’
reaction coil of 30 a of 30 gauge teflon tubing. This coil procvides a
2.5 min delay to allov for enzymatic reactions. The effluent then

passes a4 platinum electrode: the potential is set to +0.5 V versus a

18
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" Az:\2Cl, vaference alactrode for the idetectian of Ha0se Tha oxilation

is ncasured using a 3AS LC-48 detector.

ACh and Ch standards ~re prepared daily in 0.0l perchloric acid »

® o@e ®

(PCA). Styhlhomocholine (EHC) is used as the {internal standard and
tissae samples are homogenized 1in 0.0l PCA containing 200 pnoles
EHC/100 ul and allowed to stand on i{ce for 15 min. Tha samples are .
centrifuged and 120 ul sanplas inject'nd onto the column, 4Ch content of
10 4m of tissue {s deterzined.

Results

At the  time of this progress report the HPLC method for
determination »f ACh using (Potter et al) procedure with nodifications
1s sensitive enough to determine ACh content {n discrete areas of the
CNS. The limit to our sensitivity is approximately 10 pmoles. This o
sensitivity way be further {aproved with the addition of a pre or post
coluon pulse dampner to decrease baseline noise.

Prelininary data have shown this method to be a reliable and ' » @
accurace procedure for measuring ACh levels. ACh content {n the caudate
nucleus has been measured at '60 nmoles/g tissue following
decapitation., This is in sgreement with other laboratory results using
various other assay methods and decapitation. .

Studies are presently being conducted to study the effects of
heaicholinium=-3 (%) and various other analogs on ACh contant in the rat
caudate. This procedure involves decapitation and rapid {solation of
0.2 mm slices. These slices are then incubated for variocus times in
either KXreb's buffer or Kreb's buffer with experimeatal compound.
Ptelim-ina;y result3 indicate that on incubating the caudate slices with »

Xreb's buffer only, ACh content is 80-100 nmoles/g tissue., This {is

19
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si1il1e Lo ACh contant lavels Tsund for wicrowave illad ani=als uhur;
no ACh degradation occurs. Incubating with 10'51 % shows a marked.
decreasa {an ACh content. Though data are ia preliminary ‘stages, this
nethod of incubating in Kreb's or KXreb's with drug ana then extraction
in 0.01 N PCA with EHC 1s a possible method to investigace  £he
mechanisms by which hemicholinium~3 or hemicholiaium~] like compound;
produce their biological effects.

0f equal value to the goals of this rasearch, this technique will
allow us to state whether or not an experimental compourd Is 3 =like.
Conmpounds may inhibit neuromuscular transmission by various hechanisms,
but inhibiticn of acetylcholine synthesis which (3 reversible by choline
is strong supporcive evidence for %-like activity, Dectgase.in tissue
levels of ACh will be needed as we atteapt to antidote toxicity
following inhibition of acetylcholinesterase.

2. Rabbit Neuromuscular Junction

Dutch rabbits weighing between 1.8 and 2.4 kg are anesthetized by
intravenous administration of 250 =g/kg of phenobardital sodium. The
trachea 1s 1isolated and respiration 1s supported by a Harvard
respiration pump. One of the Jjugular veins 1is cannulated for
{ntravenous sadainistration of compounds.

One of the sciatic nerves is fsolated and sectioned centrally and
bipolar platinum electrodes are placed on fhn distal end of the sciatic
nerve and attached to a Grasa S4C stimulator. The Vparameters of
stimulation are as follows: every 10 seconds tetanic stimulation {s
delivered for 0.2 of a sec at 200 Hz, The pulse duration is 0.2 msec ;t
maxinal voltage usually 20 volts. The knee and ankle are attached to a

solid mount and the tendon of Achilles is {solated and sectioned. Ten
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it osion L3 olacnd o the tandan aad e e e
14t 3 decksan R=611 crecorder. Stimulations arc applicd soatiumsis
g wveral outs. In nost preparations contractions v i
it wpeavicataly oae~nalf wure (3 CoMoungN e Lt L

lacreasinw doses varied by 0.3 log intarvals until doge “ceponae curves

e ootalned. Cloe to produce maxiwmal Lnhibition 12 allisvca = 1,
31 alne Following the hizhcat dose of the nompound ¢roliwe calurliv,
m/ke, 13 adainistered Iintravenousiy to test (L3 .ant.avonlstie action
viafast Lhe neurocus.:ular blockade.

3« Rar_chrenic Nerve-Diaohragm Preparation

adul’, =ats are killed by a hlow Lo the head and tae *"ne
opened and phrenic nerve and a fan=shaped 11aphrpzn on one iide
iacludiag one rid is 130lated and placed {a Kreb's solutton, (:ms/L-
NaCl, 5.54; KCl, 0.35; MgSO; 3 7 1,0, 0.29; CaCly, 0.23: X!1.P0,, .15:
“3iiC05, 2.1, glucose, 2.1).

The phrenic nerve-diaphragnm i{s attached firaly to a holding claap
in an isolated bath preparstion and bipolar silver electrodes are
threaded around the phrenic nerve. The paraseters of stimulation are as
follows: every 10 sec s frequency of 200 Hz is delivered for 0.1 sec.
The pulse duration is 0.2 msec and unximal voltage, usually 10 V. The
compounds are added to the bath and concentration is varied by 0.48 log
intervals. The time required for additional doses of the compound will
be 30-60 ninutes. Choline chloride, 10 ng/l is added to test the
satagoniscic effects of this agent.

4. Antagonisn of Phvsostiamine Toxicity

ice veighing 20-24 g are pretreated 30 alnutes with the apent to

be tested. Physostigmine (s then administered {atraperiotoncally in a .

BEST AVAILABLE COPY i
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This (s sufficient to produce 70N=30° Ayt on

nonsremedicated animsla. Por detailed studies shifts {n the entire o

response curve of physoatiqmine is evaluated.
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'y The following compounds ave currently bhaing evaluated,
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Inhidition of the rabbit sciatic nerve

gastrocnemius muscle. ID50 - ug/kg - IV (95%

confidence limits)

603 (3.‘ - 601)

2,370 (1,880 - 3,050)

203 (1.5 - ‘o‘)

approx. 6 (n=2)
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The nattern of action for neuronuscular inhibition appears verv <i=ilar
for all of the above compounds. (See Figs. 1-4) The onset of action is slow
ind the iahibition of transmission i3 1long (hours). The acuromuscluar
Slockade of all agents is reversed by choline.

We are evaluaring the compounds 1in the tat phrenic nerve=diapnraya
preparation. Conpound %%'appears to be nore active Lhan 2 and 21 15 Soan
/10 as active. UJe have no suggestions at this time to explain the pparent
differences of relative potency for gﬁ'vs & in this preiaration vs Liw raonit
scifatic nerve-gastrocnemius muscle preparation.

2, Antagonisam of physostigaine Iiduced toxicity

Apomorphine, 10 me/kg, adninistered 0.5 hour hefore IP administration o
physostigmine signifi{cantly antagonized the toxicity of physostigmine in
alce., Haloperidol, 1 =mg/kg, adainistered with apomorphine prevented the
protective action of aposorphine.

The following conpoumd'uhich wve have previously reported Lo be a very

active dopamine receptor agouist failed to antagonize the toxicity of

physostigmine.

e €372 . pee
N\
C3H7-g.

Th-RR

Other dopamine receptor agonists will be evaluated. Also all tertiary
amines which are g;like will be evaluated for their ability to modify

physostigmine induced toxicity.
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recentor 1:0aists and thase compounds will be screened far orotective actiovn.

VIle Tengliastions

Ce

d‘

The activity of % is approximately the same ag we tound {a the

nasts

Zonpound g}». though oaly about 1/500 active as 2 i the raobis
nerve mscla'ptcpatntion. is a tertiary amine. This i3 the ficst
report that %-uke activity has been obterve& for 2 non-=tuaturnary
amins. Non—quaternary aﬁnen ‘sust be developed L{f they are Lo .;w
active on the central nervous system follovines  systamic
administration.

Compound aappears to ba more active than ,%. The toxicity of this
coupound should be sarkad. b
Compound L 1s a potent 2-like agent. " This chemical structure
represents a new structural approach and hopefully we can use it

and analogs to better estimate charge aad spatial distribution on

the receptor. The biphenyl of % is not required for activity.

VIlI. hecommendations

Mors research data are needed to detarmine fully the pharmacology of the

above chemical entities. Whether the highly active quaternaries *‘ or %‘A’, have

potential use, we do oot know. The discovery of an active tertiary amine, f}\‘.

offers the possibility of inhibiting synthesis of scetylcholine within the CNS

following systemic admintstration.
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